Background {#Sec1}
==========

Clonorchiasis is caused by an infection with *Clonorchis sinensis* (Opisthorchiidae), through the consumption of raw or undercooked freshwater fish, and ranks among the most important food-borne parasitic diseases in public health \[[@CR1]--[@CR3]\]. Clonorchiasis is highly endemic in China, Republic of Korea, Vietnam and parts of Russia \[[@CR4]--[@CR6]\]. A total of 15 million people are estimated to be infected worldwide, 13 million of which live in China \[[@CR6], [@CR7]\]. Adult worms inhabit intrahepatic bile ducts, which can lead to liver and biliary diseases, including cholangitis, cholelithiasis, cholecystitis and cholangiocarcinoma \[[@CR5], [@CR8]\]. *Clonorchis sinensis* was re-classified as a group 1 carcinogen by the International Agency for Research on Cancer (IARC) in 2009 \[[@CR9], [@CR10]\]. Nearly 5000 new cholangiocarcinoma cases attributed to *C. sinensis* infection occur annually \[[@CR6], [@CR7]\].

Accurate and rapid diagnosis of *C. sinensis* infection is crucial for early case management and treatment; traditional fecal examination for *C. sinensis* eggs is the "gold standard" for diagnosis. Among those fecal examination methods, the Kato-Katz method is most widely applied, as it is simple, inexpensive, and quantitative \[[@CR11]--[@CR13]\]. The water washing precipitation technique and formalin-ether concentration technique (FECT) are other frequently used techniques \[[@CR11], [@CR14]\]. However, there exist obvious limitations. First, the sensitivity of traditional techniques is low, especially in low-burden infections \[[@CR15]\]. Secondly, it is becoming more difficult to collect stool samples due to the increasing low-compliance of general population. Furthermore, medical personnel are also not reluctant to deal with fecal matter. In spite of molecular techniques including polymerase chain reaction (PCR) and loop-mediated isothermal amplification (LAMP) being successfully applied in the diagnosis of *C. sinensis* infection \[[@CR16]--[@CR19]\], sample contamination and high costs hinder their application in large-scale surveys in the field.

Up to date immunological technology is an important domain of research in the field of clonorchiasis in China, e.g. enzyme-linked immunosorbent assay (ELISA) and its new derivate, the gold immunochromatographic assay (GICA), which is expected to play more roles in field. The purpose of this study was to evaluate, in parallel, the performance of available immunodiagnostic kits detecting clonorchiasis in China, which has not yet been evaluated systematically.

Methods {#Sec2}
=======

Selection of immunodiagnostic tests {#Sec3}
-----------------------------------

Only once a product met following requirements, could it be enrolled in this study. First, the specimen applied in the test is sera. Secondly, the test must be produced formally by a company in China.

Four immunoassay kits were enrolled. Three kits were indirect-ELISA kits (named T1, T2 and T3) and the other a GICA kit (named T4). T1 detected IgM antibody, whereas T2, T3, and T4 detected IgG antibody. The antigen of T1 and T2 was the crude soluble adult worm's extract, and the antigen of T3 and T4 was recombinant antigen from yeast. Brief introductions of the four kits are provided in Table [1](#Tab1){ref-type="table"}.Table 1Brief introduction of the four kits testedKitKit nameAssay typeAntibody typeAntigenSourceTime required per runSample volume (μl)Extra supplies^a^T1Test kit for IgM to *Clonorchis sinensis* (ELISA)Indirect ELISAIgMCrude antigenAdult worms2 h5YesT2Test kit for IgG to *Clonorchis sinensis* (ELISA)Indirect ELISAIgGCrude antigenAdult worms1.5 h50YesT3Detection kit for IgG antibody to *Clonorchis sinensis* (ELISA)Indirect ELISAIgGRecombinant antigenYeast1.5 h10YesT4Gold Immunochromatography assay for IgG antibody to *Clonorchis sinensis*GICAIgGRecombinant antigenYeast10 min9No^a^Required additional equipment to finish the test, such as incubator and microplate reader

Sera bank {#Sec4}
---------

The sera bank applied in this study included four types of sera, namely the sera from patients with mere *C. sinensis* infection, from people living in the clonorchiasis endemic area and without any parasite infection (control 1), from people living in the non-clonorchiasis endemic area and without any parasite infection (control 2), and from cases infected with parasites other than *C. sinensis* (control 3).

Sera from endemic area {#Sec5}
----------------------

The sera from those infected with *C. sinensis* and control 1 were collected through a cross-sectional survey in Hengxian county, Guangxi Zhuang Autonomous Region, China, where *C. sinensis* infection is highly endemic \[[@CR20]\]. One stool sample was collected from each participant. Then, both the Kato-Katz method and the water washing precipitation method were applied. In the Kato-Katz method, three smears with 41.7 mg feces in each one were prepared, which can be used to quantitate the eggs. Only qualitative results were presented in the water washing precipitation method. Only those without any parasite infection in three Kato-Katz smears and water washing precipitation method were enrolled as control sera. Only those with mere *C. sinensis* infection and without other parasites were enrolled as positive sera. For quantitation, those positive in the water washing precipitation method but negative in the Kato-Katz method were also excluded.

Sera from non-endemic area and other parasitic diseases {#Sec6}
-------------------------------------------------------

Sera from the control group 2 were collected from healthy individuals living in Shanghai, where *C. sinensis* infection is not endemic. Sera from the control group 3 included those with schistosomasis, paragonimiasis, trichinellosis and soil-transmitted helminthiases (ascariasis, trichuriasis and hookworm disease). Sera from both control groups 2 and 3 were supplied by the sample preservation center in National Institute of Parasitic Diseases, Chinese Center for Disease Control and Prevention.

Procedures {#Sec7}
----------

Sera were preserved at -80 °C and were thawed and agitated before use. Then, operation procedures were conducted according to the instruction manual of each kit. To analyze the repeatability, 45 sera samples sampled at random were used for second-round test.

Statistical analysis {#Sec8}
--------------------

All data were analyzed using the SPSS software (Version 20.0, IBM Corp., New York, USA). *Clonorchis sinensis* infection was classified into three categories according to infection intensity through the Kato-Katz method, expressed by the eggs per gram of feces (epg): light infection (1--999 epg), moderate infection (1000--9999 epg) and heavy infection (≥ 10,000 epg). Based on the "gold standard" of fecal examination (combined the Kato-Katz method and water washing precipitation method), the sensitivity and specificity of four immunodiagnostic tests were calculated, and the 95% confidence intervals (95% CI) were also presented by normal approximation method. Sensitivity is the number of true positives / (number of true positives + number of false negativies), and 95% CI of sensitivity = sensitivity ± 1.96\*SQRT(sensitivity\*(1 -- sensitivity)/238. Specificity is the number of true negatives / (number of true negatives + number of false positives), and 95% CI of specificity = specificity ± 1.96\*SQRT(specificity \*(1 -- specificity)/237. McNemar's test was used to compare the sensitivity and specificity between each group of two kits, in which Fisher's exact test was applied to yield a *P*-value to assess the difference between each group of two kits. *P*-values \< 0.5 indicate that the difference was statistically significant between those two kits. Youden's index was expressed as the sum of sensitivities and specificities subtracted by one \[[@CR21]\], which represented the difference between the true-positive rate and the false-positive rate, and is widely used in evaluating the accuracy and performance of diagnostic tests. Youden's index varies between -1 and 1, whereas the index \< 0 indicates that the kit is meaningless in practice. The higher the Youden's index is, the more accurate the diagnostic performance is \[[@CR22]\].

Results {#Sec9}
=======

Characteristics of the sera bank {#Sec10}
--------------------------------

The sera bank in this study included 475 sera. Among them, 238 cases with *C. sinensis* infection were enrolled, consisting of 81 with light infection, 81 with moderate infection, and 76 with heavy infection. The bank included 120 negative sera from the clonorchiasis endemic area and another 50 negative sera from the non-clonorchiasis endemic area. Additionally, 67 sera were from cases with other parasitic diseases, including 20 with schistosomiasis, 10 with paragonimiasis, 10 with trichinellosis, 9 with ascariasis, 9 with trichuriasis and 9 with hookworm disease.

Sensitivity {#Sec11}
-----------

The total sensitivities of the four test kits (T1, T2, T3 and T4) are shown in Table [2](#Tab2){ref-type="table"}. There was a markedly low sensitivity for one kit (T1), whereas the other three (T2, T3 and T4) were high, and the difference was significant in all two-by-two kit comparisons (McNemar's tests: T1 vs T2: *P* \< 0.0001; T1 vs T3: *P* \< 0.0001; T1 vs T4: *P* \< 0.0001; T2 vs T3: *P* \< 0.0001; T2 vs T4: *P* \< 0.0001; T3 vs T4: *P* = 0.006) (Table [3](#Tab3){ref-type="table"}). In the light infection groups, T1 still presented a markedly low sensitivity, while T3 was outstanding high (97.53%), and significant differences were also detected in all pairwise comparisons between all kits in the light infection group (McNemar's test: T1 vs T2: *P* \< 0.0001; T1 vs T3: *P* \< 0.0001; T1 vs T4: *P* \< 0.0001; T2 vs T3: *P* \< 0.0001; T2 vs T4: *P* \< 0.0001; T3 vs T4: *P* = 0.021) (Table [3](#Tab3){ref-type="table"}). In the moderate and heavy infection groups, T1 remained the same low sensitivity. However, outstanding high sensitivities were found in the other three kits (T2, T3 and T4). More remarkable, partial sensitivities were reached 100% (e.g. T3 in both moderate and heavy infection group, and T4 in heavy infection group).Table 2Sensitivity of four immunodiagnostic kits for clonorchiasis in ChinaKitLight infection (*n* = 81)Moderate infection (*n* = 81)Heavy infection (*n* = 76)Total (*n* = 238)No. of positiveSensitivity (%) (95% CI)No. of positiveSensitivity (%) (95% CI)No. of positiveSensitivity (%) (95% CI)No. of positiveSensitivity (%) (95% CI)T11316.05 (11.39--18.43)1214.81 (10.3--19.33)810.53 (6.63--14.43)3313.87 (9.47--18.26)T25162.96 (56.83--66.09)7592.59 (89.27--95.92)6889.47 (85.57--93.37)19481.51 (76.58--86.44)T37997.53 (95.56--98.54)81100 (100)76100 (100)23699.16 (98.00--100)T47187.65 (83.47--89.79)7997.53 (95.56--99.50)76100 (100)22694.96 (92.18--97.74)Table 3Comparison of sensitivity between kits by McNemar's testKitT1T2T3Total sera (*n* = 238) T1 T2\< 0.0001\* T3\< 0.0001\*\< 0.0001\* T4\< 0.0001\*\< 0.0001\*0.006\*Light infection intensity T1 T2\< 0.0001\* T3\< 0.0001\*\< 0.0001\* T4\< 0.0001\*\< 0.0001\*0.021\*Moderate infection intensity T1 T2\< 0.0001\* T3nsns T4\< 0.0001\*0.289nsHeavy infection intensity T1 T2\< 0.0001\* T3nsns T4nsnsns*Abbreviation*: *ns* no statistics\**P* \< 0.05

Specificity {#Sec12}
-----------

Table [4](#Tab4){ref-type="table"} shows the specificity data for the four kits. Among the overall sera, T3 kit showed significantly lower specificity than that in the other three kits. McNemar's tests demonstrated that there existed significant differences between T3 kit and the other three kits (T1 vs T3: *P* = 0.003; T2 vs T3: *P* \< 0.0001; T3 vs T4: *P* = 0.001) (Table [5](#Tab5){ref-type="table"}). The specificity was lower in sera from the endemic area (67.5--90%) compared to that from the non-endemic area (94--98%) (Table [4](#Tab4){ref-type="table"}). Significant differences were found when testing healthy sera from endemic area between T3 kit and the other three kits, as well as T2 kit and T4 kit (McNemar's test: T1 vs T3: *P* \< 0.0001; T2 vs T3: *P* \< 0.0001; T2 vs T4: *P* = 0.035; T3 vs T4: *P* = 0.023) (Table [5](#Tab5){ref-type="table"}). However, the difference was not significant in detecting those from the non-endemic area between the four kits (Table [5](#Tab5){ref-type="table"}). The cross-reaction rate with other heterologous sera varied between 14.93--31.34%, and high cross-reaction was presented in paragonimosis (70%, 28/40) (Table [4](#Tab4){ref-type="table"} and Additional file [1](#MOESM1){ref-type="media"}: Table S1). The difference was significant when the T4 kit was compared to the T1 kit and the T3 kit (McNemar's test: T1 vs T4: *P* = 0.031; T3 vs T4: *P* = 0.035) (Table [5](#Tab5){ref-type="table"}).Table 4Specificity of four immunodiagnostic kits for clonorchiasis in ChinaKitNegative sera (Control 1) (*n* = 120)Healthy sera (Control 2) (*n* = 50)Heterologous sera (Control 3) (*n* = 67)Total (*n* = 237)No. of false positivesSpecificity (%) (95% CI)No. of false positivesSpecificity (%) (95% CI)No. of false positivesSpecificity (%) (95% CI)No. of false positivesSpecificity (%) (95% CI)T11686.67 (80.58--92.75)296 (90.57--100)2070.15 (59.68--81.5)3883.97 (79.29--88.64)T21290 (84.63--95.37)198 (94.12--100)1774.63 (64.63--85.37)3087.34 (83.11--91.58)T33967.5 (59.10--75.88)394 (87.42--100)2168.66 (58.05--80.18)6373.42 (67.79--79.04)T42380.83 (73.79--87.88)296 (90.57--100)1085.07 (76.81--93.77)3585.23 (80.72--89.75)Table 5Comparison of specificity between kits by McNemar's testKitT1T2T3Total sera (*n* = 237) T1 T20.256 T30.003\*\< 0.0001\* T40.7660.5420.001\*Negative sera from endemic areas (Control 1) T1 T20.503 T3\< 0.0001\*\< 0.0001\* T40.2100.035\*0.023\*Healthy sera from non-endemic areas (Control 2) T1 T21 T310.625 T4111Heterologous sera (Control 3) T1 T20.629 T310.481 T40.031\*0.1430.035\*\**P* \< 0.05

Accuracy {#Sec13}
--------

Youden's indices for the four kits (T1, T2, T3 and T4) were -0.022, 0.689, 0.726 and 0.802, respectively (Fig. [1](#Fig1){ref-type="fig"}). Thus, T4, T3 and T2 kits showed better accuracy, especially T4, whereas T1 demonstrated low value according to the Youden's index.Fig. 1Youden's index for the four kits

Repeatability {#Sec14}
-------------

The repeatability rates in the four kits (T1, T2, T3 and T4) were 92.86%, 95.35%, 95.35% and 95.35%, respectively.

Discussion {#Sec15}
==========

Clonorchiasis is becoming the most important food-borne parasitic diseases in China, due to its high disease burden caused by high prevalence as well as heavy infection intensity. Because of the raw-fish-eating habits rooted in the culture and the chronicity of this infection, people in endemic areas do not realize the danger of clonorchiasis. Thus, the prevalence of clonorchiasis is still increasing in China, compared to the significant decrease and even elimination of other parasitic diseases such as soil-transmitted helminthiases, schistosomiasis, malaria and filariasis \[[@CR23]--[@CR26]\]. Chemotherapy has been demonstrated to be the most effective choice to control clonorchiasis in the short-term \[[@CR2], [@CR27]\]. Thus, identifying those who need chemotherapy is important.

Compared to traditional fecal examination or newly developed molecular technology, immunodiagnosis is an accepted method due to its low cost, high speed and suitability in large studies. In this study, we systematically evaluated four immunodiagnostic kits developed in China using a sera bank under well-controlled conditions. Compared to those detecting IgG antibody (T2, T3, and T4), the kit detecting IgM antibody (T1) demonstrated poor performance. IgM antibody appears early after infection with *C. sinensis* and exists for only a few weeks \[[@CR28], [@CR29]\]. IgM antibody has been commonly used as the index of early diagnosis of new infection with parasitic diseases (e.g. schistosomiasis) \[[@CR30], [@CR31]\]. The appearance of IgG antibody follows IgM and lasts for a long period \[[@CR28], [@CR29]\]. The sera infected with *C. sinensis* in this study were from a high-endemic area \[[@CR20]\]. This study showed that immunodiagnosis for IgM antibody is not an adequate test for those from a high endemic area of clonorchiasis.

The performance of three other diagnostic kits (T2, T3, and T4) detecting IgG antibody was relatively high. It was also demonstrated that higher sensitivity was presented in heavier infection intensity samples, and the highest number of false-negative results was present in the light-infected serum samples, which is consistent to the difference in immune reaction. The sensitivity was significantly different between any two kits in detecting light infection intensity. Although high specificity (≥ 94%) was presented in those from the non-clonorchiasis endemic area, the specificity was lower in those from the endemic area (≤ 90%). This may be explained by a potential past infection with *C. sinensis*. The specificities of three kits detecting IgG were also influenced by cross-reactivity to the heterologous sera with paragonimiasis and schistosomiasis. These results suggest that diagnosis should be carefully made in people who come from the areas that are co-endemic with clonorchiasis and paragonimiasis or schistosomiasis. In addition to high sensitivity and specificity, the key characteristics of diagnostic kits also include other parameters \[[@CR32]\]. Repeatability should be paid particular attention. The four kits in this study showed good repeatability and stability.

There were limitations of these kits, however, that should be improved. First, sensitivity is inadequate in light infection intensity, which is an important performance requirement, both for detecting infection in low endemic areas and during the treatment period. Indeed, the infection intensity in the light infection group in this study was relatively high (mean epg of 393.28). Thus, their performance for lower infection intensity should be evaluated. Secondly, the specificity needs to be improved, particularly the low performance in distinguishing the healthy in endemic areas. Thirdly, paragonimosis showed the strongest cross-reaction, which will limit the test's use in paragonimosis-endemic areas.

Conclusions {#Sec16}
===========

The performance of three immunodiagnosis kits detecting IgG antibody was relatively high in detecting clonorchiasis infection, but that detecting IgM antibody had relatively low performance. Those detecting IgG antibody had high sensitivity for heavier infection intensities, but their performance in lower infection intensity and specificity should be improved. The T3 kit, with the highest sensitivity of the kits in both heavier infection intensity sera and light infected ones, may be expected to detect more positive sera in light endemic areas. However, its specificity needs to be improved. Although the specificity of T4 is relatively higher than T3 kit, its sensitivity in light infection intensity needs to be improved. However, simplicity and quickness are important characteristics of the T4 kit.

Additional file {#Sec17}
===============

Additional file 1: Table S1.Specificity of four immunodiagnostic kits for clonorchiasis in China. (DOCX 33 kb)

95% CI

:   95% confidence interval

ELISA

:   Enzyme-linked immunosorbent assay

epg

:   eggs per gram of feces

FECT

:   Formalin-ether concentration technique

GICA

:   The gold immunochromatographic assay

IARC

:   International Agency for Research on Cancer

LAMP

:   Loop-mediated isothermal amplification

PCR

:   Polymerase chain reaction
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